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Conversions Factors, Abbreviated Water-Quality Units,
and Abbreviations

Multiply By To obtain:

inch (in.) 25.4 millimeter

foot (ft) .3048 meter

mile (mi) 1.609 kilometer

foot per mile (ft/mi) . 1894 meter per kilometer

acre 4,047 square meter

square mile (mi2) 2.590 square kilometer

foot per second (ft/s) .3048 meter per second

cubic foot per second (ftYs) .02832 cubic meter per second

tons, short .9072 megagram

degrees Fahrenheit (°F) 5/9 x (°F - 32) degrees Celsius

In this report, chemical concentrations in water are expressed in milligrams per liter (mg/L) or micrograms per liter 
(jlg/L); 1,000 jlg/L = 1 mg/L. Chemical oxygen demand is expressed as COD. Biochemical oxygen demand for 5 
days at 20°C is expressed as Bod5.

GIS-Geographic Information Systems

LCMR--Legislative Commission of Minnesota Resources

LMIC~Land Management Information Center

MDNR~Minnesota Department of Natural Resources

MPCA-Minnesota Pollution Control Agency

MRAP-Minnesota River Area Project

EWI-equal-width increment (method of collecting samples for analyses of suspended sediment)

Vll



Abstract
The Minnesota River, 10 major tributaries, and 21 springs were sampled to determine the sources and transport of 

sediment, nutrients, and oxygen-demanding substances. The study was part of a four-year assessment of non-point 
source pollution in the Minnesota River Basin. Runoff from tributary watersheds was identified as the primary source 
of suspended sediment and nutrients in the Minnesota River mainstem. Suspended-sediment, phosphorus, and nitrate 
concentrations were elevated in all major tributaries during runoff, but tributaries in the south-central and eastern pan 
of the basin produce the highest annual loading to the mainstem because of higher annual precipitation and runoff in 
that part of the basin. Particle-size analyses showed that most of the suspended sediment in transport consisted of silt- 
and clay-size material. Phosphorus enrichment was indicated throughout the mainstem by total phosphorus 
concentrations that ranged from 0.04 to 0.48 mg/L with a median value of 0.22 mg/L, and an interquartile range of 0.15 
to 0.29 mg/L. Nitrate concentrations periodically exceeded drinking water standards in tributaries draining the south- 
central and eastern part of the basin. Oxygen demand was most elevated during periods of summer low flow. 
Correlations between levels of biochemical oxygen demand and levels of algal productivity suggest that algal biomass 
comprises much of the oxygen-demanding material in the mainstem. Transport of sediment, nutrients, and organic 
carbon within the mainstem was found to be conservative, with nearly all tributary inputs being transported downstream. 
Uptake and utilization of nitrate and orthophosphorus was indicated during low flow, but at normal and high flow, inputs 
of these constituents greatly exceeded biological utilization.

Introduction
The Minnesota River drains nearly 17,000 square 

miles in southwestern Minnesota and parts of eastern 
South Dakota, northern Iowa, and southeastern North 
Dakota (fig. 1). A study by the Minnesota Pollution 
Control Agency (MPCA) demonstrated that the 
Minnesota River and its tributaries are affected by non- 
point source pollution (Minnesota Pollution Control 
Agency, 1982). High concentrations of suspended solids, 
nitrate, phosphorus, and fecal coliform bacteria impair 
industrial, domestic, and recreational use of the river, as 
well as the esthetics of the river. A waste-load allocation 
study in the Lower Minnesota River Basin (Minnesota 
Pollution Control Agency, 1985) identified a need for a 
basin-wide program to control surface-runoff related 
non-point source pollutants.

The MPCA coordinated a multiagency effort to study 
the Minnesota River and its tributaries. The Minnesota 
River Assessment Project (MRAP) was a four-year study 
(1989-92) to assess the potential for non-point source 
pollution, to inventory information about physical 
characteristics of the basin, and to identify areas of non- 
point source pollution and the effect of non-point source 
pollution on water quality. This was done by (1) physical 
and chemical monitoring, (2) biological and lexicological 
monitoring, and (3) land-use assessment. This project 
was initiated by the Minnesota Legislature as 
recommended by the Legislative Commission on 
Minnesota Resources (LCMR). The MPCA was 
delegated the responsibility to manage this project. 
Federal, State, and local agencies, and colleges and 
universities collected and assembled data. The U.S. 
Geological Survey (USGS), in cooperation with the 
MPCA and the LCMR, monitored selected physical

characteristics and chemical constituents of river water as 
part of the study.

The specific objectives of the USGS efforts were to:

1. Identify source areas of suspended sediment, major 
nutrients, biochemical oxygen demand (BOD), and 
organic carbon in the Minnesota River, and the effects of 
specific source areas on water quality in the Minnesota 
River.

2. Determine the relation of suspended sediment to 
major nutrients, BOD, algal productivity, and organic 
carbon in the Minnesota River.

3. Quantify the transport of sediment, nutrients, and 
oxygen-demanding substances in the Minnesota River.

4. Identify areas of bank and bed erosion and sediment 
deposition to determine the relative significance of 
instream sediment sources and non-point sources in the 
Minnesota River Basin.

Purpose and Scope
This report presents the findings of the physical and 

chemical monitoring of the Minnesota River. 
Information pertaining to the physical and chemical 
characteristics of the river is from data collected for this 
study by the MPCA and the USGS. A discussion of the 
results of physical and chemical monitoring relative to 
each of the study objectives is presented in this report. 
This report describes the hydrologic setting of the 
Minnesota River Basin, identifies source areas of 
sediment, nutrients, and oxygen-demanding substances, 
and quantifies transport of these constituents in the 
Minnesota River and its major tributaries.



Approach and Methods
The water sampling approach during 1989-90 was 

designed to provide information about both area! and 
temporal variability in water quality. Twelve mainstem 
water-quality sampling sites were established on the 
Minnesota River at intervals ranging from 13 to 33 miles. 
Water sampling included measuring suspended-sediment 
and chemical concentrations at the mouths of 10 major 
streams that are tributaries to the Minnesota River. 
Twenty-one springs, selected to characterize ground- 
water inputs to the Minnesota River, also were sampled.

Water samples were collected over a range of stream 
discharge conditions to characterize the change in water 
quality as the streams responded to both dry and wet 
conditions. Accordingly, water samples were collected at 
all spring and stream sites during low stream discharge in 
late summer (August 1989), in winter (January-February

1990), and in late summer (August 1990). These samples 
were collected during a short time period (2-3 weeks), 
progressing from upstream to downstream to obtain a 
synoptic appraisal of water quality during low stream 
discharge. Samples were collected at selected tributary 
and mainstem water-quality sampling sites during 
snowmelt (March-April) and during runoff from summer 
rainfall (May-July).

The water sampling approach was modified during 
1991-92 to provide more detailed information about the 
origin, transport, and transformation of water-quality 
constituents. Seven water-quality sampling sites were 
added in the Blue Earth and Redwood River Basins and 
sampling efforts were redirected to address the study 
objectives as more data were collected. The locations of 
all water-quality sampling sites are shown on figure 1 and 
listed in tables 1 and 2.

Table 1 .-Stream water-quality sampling sites for the Minnesota River Assessment Project

Site 
identification 

number 
(figure 1)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

uses
identification 

number

05301000
05305400
05311000
05313510
05314550
05314560
05314740
05316470
05316490
05316500
05316541
05316580
05316685
05316760
05317000
05317250
05317500
05318135
05318140
05318141
05318290
05319500
05320500
05322000
05325000
05325200
05326400
05326450
05327000

Distance upstream from 
mouth of the Minnesota 

Stream Site River, in miles
Minnesota River near Lac qui Parle, Minn.
Chippewa River at Montevideo, Minn.
Minnesota River at Montevideo, Minn.

Yellow Medicine River on Highway 67 near Granite Falls, Minn.

Hawk Creek at mouth near Sacred Heart, Minn.
Minnesota River near Sacred Heart, Minn.
Minnesota River near Delhi, Minn.

Redwood River near Seaforth, Minn.
Judicial Ditch 5 near Redwood Falls, Minn.
Redwood River near Redwood Falls, Minn.

Redwood River below Ramsey Creek at Redwood Falls, Minn.
Minnesota River at Morton, Minn.
Minnesota River near Fairfax, Minn.

Minnesota River near New Ulm, Minn.

Cottonwood River near New Ulm, Minn.

Minnesota River at Courtland, Minn.
Minnesota River at Judson, Minn.
Blue Earth River above South Creek near Winnebago, Minn.

South Creek near Winnebago, Minn.

Blue Earth River at County Road 5 near Winnebago, Minn.

Blue Earth River near Good Thunder, Minn.

Watonwan River near Garden City, Minn.

Le Sueur River near Rapidan, Minn.

Blue Earth River at Mankato, Minn.

Minnesota River at Mankato, Minn.

Minnesota River at St. Peter, Minn.

Rush River near Henderson, Minn.

Minnesota River at Henderson, Minn.
High Island Creek near Henderson, Minn.

288

271

238
219

203

176
151

134
120

107
91

67



Table 2.--Spring water-quality sampling sites for the Minnesota River Assessment Project

Site identification USGS identification 
(figure 1) number

D 444750095332001
P 441827093573301
C 445425095402301
G 443631095094801
F 443921095203301
A 450026095514001
U 444132093383201
R 442204093532301
K 441636094272701
L 441531094203001
N 440230094101001
H 443317095073401
Q 442006093545601
T 443418093552201
J 442859094490301
B 445630095462101
E 444413095251701
I 443110094530001
S 443129093530501
O 440558094072301
M 441206094115101

Spring

Baker Spring near Granite Falls, Minn.
Seepage face at St Peter, Minn.
Seepage face at Wehrspann Spring, near Montevideo Minn.
Seepage Cedar Rock Spring near Delhi, Minn.
Boiling Spring near Belview, Minn.
Seepage face at Baldwin Farm near Lac qui Parle, Minn.
Seepage face near Jordan, Minn.
Rogers Creek Spring near St. Peter, Minn.
Flandrau Spring at New Ulm, Minn.
Courdand Bridge Spring near Courtland, Minn.
Birr Spring near Garden City, Minn.
Redwood Spring near Redwood Falls, Minn.
Paulson Spring near St Peter, Minn.
Seepage face at High Island Creek Spring near Henderson, Minn.
Peterson Spring near Fairfax, Minn.
Seepage at Envoldsen Farm near Montevideo, Minn.
Seepage face at Hawk Creek Spring near Sacred Heart, Minn.
Seepage face at Franklin Spring near Franklin, Minn.
Spring near Henderson Station, Minn.
Davis Hole Spring near Rapidan, Minn.
Seepage face at Spring near Judson, Minn.

The Minnesota River at Montevideo (site 3) and the 
Blue Earth River at Mankato (site 24) were sampled 
frequently throughout 1989-92 (weekly from March 
through July, and monthly from August through 
February) to determine short-term changes in water 
quality. Suspended-sediment samples were collected 
daily from March through November 1989-92 at the 
Minnesota River at Mankato (site 25) and at the Blue 
Earth River at Mankato (site 24). During the course of the 
study (August 1989 through September 1992), 404 water 
samples from streams and 36 water samples from springs 
were collected for chemical analysis.

Water samples were collected according to methods 
adopted by the USGS that are described by Buchanan and 
Somers (1969), Edwards and Glysson (1988), Ward and 
Hair (1990), and Britton and Greeson (1989). Streams 
were sampled using an equal-width increment (EWI) 
method across the stream using discharge weighting 
samplers to obtain water samples that were representative 
of total stream discharge. Stream discharge was 
determined at the time of each sample to calculate 
constituent loads. Stream discharge was determined by 
current-meter measurements or derived from stage- 
discharge relations at USGS gaging stations at or near the 
sampling sites.

Water samples and bottom-material samples were 
analyzed for chemical constituents at the USGS National 
Water-Quality Laboratory at Arvada, Colorado using 
methods described by Fishman and Friedman (1989), 
Wershaw and others (1983), and Britton and Greeson 
(1989). Water samples for suspended-sediment 
concentrations and particle-size determinations for 
suspended sediment, and bottom material were analyzed 
by the USGS Sediment Laboratory at Iowa City, Iowa 
using methods described by Guy (1969).

Specific conductance, pH, temperature, and dissolved- 
oxygen concentration were measured in the field using 
portable meters that were calibrated at the beginning and 
end of each sampling day. Five-day BOD and bacteria 
counts were determined in field laboratories. BOD 
analyses were performed on natural (unseeded) water 
samples; some water samples required dilution with 
deionized water.

Physical properties and chemical constituents sampled 
and analyzed for this study are shown in table 3. Data 
collected during this study are published in Water 
Resources Data for Minnesota (Gunard and others, 1989, 
1990,1991,1992, and in press).



Table 3.--Physical properties and chemical constituents determined for water
samples collected in the Minnesota River Basin, August 1989-September 1992

[ft^/s, cubic foot per second; umhos/cm, micromhos per centimeter; °C, degrees Celsius; mg/L, milligrams per liter;
col/100ml, colonies per 100 milliliters; mg/kg, milligrams per kilogram; ug/L, micrograms per liter; mm, millimeter; NA, not applicable]

Constituent or physical property

Discharge, instantaneous, stream

Specific conductance (micromhos/cm at 25°C)

PH

Water temperature

Dissolved oxygen (DO)

Chemical oxygen demand (COD)
Biochemical oxygen demand, five-day at 20°C (BOD)

Coliform, fecal, membrane filter
Streptococci, fecal, membrane filter, KF agar bacteria

Residue total (total suspended solids)

Residue volatile (total volatile suspended solids)
Nitrite, total as N

Nitrite, dissolved as N
Nitrite plus nitrate, total as N

Nitrite plus nitrate, dissolved as N

Nitrite plus nitrate, total in bottom material as N

Nitrogen, ammonia, total as N

Nitrogen, ammonia, dissolved as N

Nitrogen, ammonia, in bottom material as N
Nitrogen, ammonia plus organic, total as N

Nitrogen, ammonia plus organic, dissolved as N

Nitrogen, ammonia plus organic, in bottom material as N

Phosphorus, total as P

Phosphorus, dissolved as P

Phosphorus, total ortho as P

Phosphorus, dissolved ortho as P
Phosphorus, total in bottom material as P

Dissolved organic carbon

Carbon, organic suspended as C

Carbon, inorganic in bottom material as C
Carbon, total in bottom material as C
Chlorophyll a

Chlorophyll b

Sediment, suspended, concentration

Sediment, suspended, fall diameter, percent finer than 2.00 mm

Sediment, suspended, fall diameter, percent finer than 1 .00 mm

Sediment, suspended, fall diameter, percent finer than 0.500 mm

Sediment, suspended, fall diameter, percent finer than 0.250 mm

Sediment, suspended, fall diameter, percent finer than 0.125 mm

Sediment, suspended, fall diameter, percent finer than 0.062 mm

Sediment, suspended, fall diameter, percent finer than 0.031 mm

Sediment, suspended, fall diameter, percent finer than 0.016 mm

Sediment, suspended, fall diameter, percent finer than 0.008 mm

Sediment, suspended, fall diameter, percent finer than 0.004 mm

Sediment, suspended, fall diameter, percent finer than 0.002 mm

Sediment, suspended, sieve diameter, percent finer than 0.062 mm

Reporting unit

ft3/s
micromhos/cm

units
°C

mg/L

mg/L

mg/L

col/100 ml

col/100 ml

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/kg
mg/L

mg/L

mg/kg
mg/L

mg/L

mg/kg

mg/L

mg/L

mg/L

mg/L

mg/kg

mg/L

mg/L

gm/kg
gm/kg
MS/L

M«/L

mg/L

percent

percent

percent

percent

percent

percent

percent

percent

percent

percent

percent

percent

Minimum reporting level

0.01ft3/s
1 umhos/cm

0.1 unit
0.1°C

0.1 mg/L

10 mg/L
0.1 mg/L

1/100 ml

1/100 ml

1 mg/L

Img/L
0.01 mg/L

0.01 mg/L

0.01 mg/L

0.05 mg/L

2.0 mg/L

0.01 mg/L

0.01 mg/L

0.2 mg/L

0.1 mg/L

0.2 mg/L

20 mg/kg

0.01 mg/L

0.01 mg/L
0.01 mg/L

0.01 mg/L
40 mg/kg

0.1 mg/L

0.1 mg/L

0.1 gm/kg
0.1 gm/kg
0.1 ug/L

0.1 ug/L

1.0 ug/L

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA



Hydrologic Setting
The 17,000 square mile Minnesota River Basin 

comprises 12 tributary-river basins thatrange in size from 
700 square miles (Redwood River Basin) to 2,090 square 
miles (Upper Minnesota River Basin) (tab. 4). The 12 
tributary-river basins in the Minnesota River Basin, as 
defined by the USGS and the U.S. Water-Resources 
Council (U.S. Geological Survey, 1976), are shown in 
figure 1. The basin boundaries were defined on the basis 
of topographic divides as determined from USGS 
l:24,000-scale topographic maps. GIS data bases of 
basin boundaries are available from the USGS.

Table 4.-Areas of tributary-river basins in the 
Minnesota River Basin

Subbasin

Area,
in square

miles

Upper Minnesota River 2,090
Pomme de Terre River 870
Lac qui Parle River 1,100
Chippewa River 2.080
Hawk Creek-Yellow Medicine River 2,070
Redwood River 700
Cottonwood River 1.310 
Little Cottonwood River-Middle Minnesota River 1,350
Watonwan River 880
LeSueur River 1,110
Blue Earth River 1,550
Lower Minnesota River 1,820

Climate and Weather
Due to the wide range of weather conditions, water 

samples were collected during dry, normal, and wet 
periods. Average annual precipitation for the Minnesota 
River Basin is shown in figure 2. Average precipitation 
generally increases from west to east across the basin. 
Average annual runoff is shown in figure 3. Average 
annual runoff is calculated from stream discharge records 
at gaging stations and is expressed as the depth to which 
the drainage area would be covered if all the runoff was 
evenly distributed. As shown in figure 3, runoff also 
increases from west to east across the basin. The range in 
runoff is large, increasing from one inch at the western 
edge of the basin to six inches in the eastern part of the 
basin. The higher runoff values mean that watersheds in 
the eastern part of the basin deliver more water to the 
Minnesota River per unit area than do watersheds in the 
western part of the basin. Higher runoff also means that 
the watersheds in the eastern part of the basin have a

greater loading potential for non-point source 
constituents.

The timing and areal distribution of precipitation 
ranged widely during the study period. Drought 
conditions prevailed when the study began in August 
1989. Runoff, as determined from stream-discharge 
records for the Minnesota River near Jordan, Minnesota, 
had been below normal for three consecutive months and 
remained below normal through April 1990. Runoff was 
near normal from May 1990 through April 1991, but 
reached above-normal levels during May 1991. Runoff 
remained above normal through March 1992, returned to 
normal during April through June 1992, and was above 
normal from July through September 1992 (U.S. 
Geological Survey, Minnesota District, unpublished data, 
1989-1992). Stream discharges are classified normal if 
they fall within the interquartile range of stream discharge 
determined for each month for the reference period 1951 - 
80. Stream discharges above the interquartile range are 
classified above normal. Stream discharges below the 
interquartile range are classified below normal (U.S. 
Geological Survey, 1992).

Geologic and Physical Features

Magner and Alexander (1993) provide a detailed 
overview of geologic influences on stream discharge and 
water quality in the Minnesota River Basin. In the 
western and central parts of the basin, Cretaceous 
deposits overlie crystalline Precambrian rock. The 
eastern part of the basin has layers of Cambrian and 
Ordovician sandstones, limestones, and shales. 
Extensive sand and gravel deposits (alluvium) are in the 
valleys of the major streams (fig. 4). Magner and 
Alexander evaluated the results of analyses of water 
samples collected from 21 springs during this study. They 
also reviewed findings of earlier studies conducted by 
Novitzki and others (1969), Van Voast and others (1970 
and 1972), Brousard and others (1973), Anderson and 
others (1974a and 1974b), and Adolphson and others 
(1981). Magner and Alexander (1993) found that basin 
geology is an important determinant of water quality in 
the Minnesota River, especially during low-flow periods. 
Their review of water chemistry in the springs and 
streams showed that the river receives its base flow from 
various ground-water sources, deep as well as shallow, 
each having a characteristic chemical composition that 
indicated a probable source and pathway. Ground-water 
sources include bedrock aquifers, valley alluvium, 
surficial aquifers and ground-water flow to field tiles and 
ditches.
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Water movement through glacial deposits is influenced 
by physiography. The surface physiography of the 
Minnesota River Basin was shaped by the Des Moines 
lobe of the Wisconsin glaciation. Moraines, till plains, 
and lake beds provide the basic framework for the basin's 
surficial hydrologic setting. As the ice retreated, 
meltwater formed glacial Lake Agassiz to the north and 
west of the basin. Outflow from Lake Agassiz, carried by 
the ancient River Warren, carved the valley occupied by 
the present-day Minnesota River about 9,000 years ago 
and left a landscape that is of relatively recent origin in 
terms of geologic time. As a result, the tributary basins 
have not developed the dendritic stream patterns that are 
characteristic of older stream systems. A major 
physiographic feature of the Minnesota River Basin is the 
Coteau des Prairies, a morainal area that occupies the 
headwater regions of the Upper Minnesota, Lac qui Parle, 
Yellow Medicine, Redwood, and Cottonwood Basins 
(fig. 5). The altitude of the land surface rises abruptly in 
the Coteau des Prairies, from 960 feet at Big Stone Lake 
at the base of the Coteau des Prairies to more than 2000 
feet near the summit The Coteau des Prairies area has not 
been extensively drained and contains numerous lakes 
and wetlands, many of which are located in closed, 
noncontributing subbasins. Annual precipitation is lower 
in the Coteau des Prairies area than in other parts of the 
basin (fig. 2), as is annual runoff (fig. 3). The headwater 
regions of the Pomme de Terre and Chippe wa Basins (fig. 
5) are also located in a moraine. This area, while not as 
prominenta terrain feature as the Coteau des Prairies, also 
contains numerous lakes and wetlands.

Human Influences on the Hydrologic 
Setting

At the time of European settlement (mid 1800's) most 
of the basin contained numerous lakes and wetlands 
(Anderson and Craig, 1984). Upstream reaches of the 
tributaries often were typified by poorly-defined channels 
connecting a linearly-arranged series of wet prairie 
meadows. The undulating glacial terrain also contained 
catchments that had no outlet streams and therefore 
contributed virtually no surface-water runoff to the 
Minnesota River. Settlement of the basin began after 
1860 and was nearly complete by 1900. The rich prairie 
soils proved to be very productive for agricultural 
purposes. Much of the land, however, was too poorly 
drained to be fanned efficiently, and artificial drainage 
was initiated as early as the 1880's. Drainage was 
accomplished by constructing ditches and subsurface 
drainage tile. The channels of many of the small, shallow, 
and meandering prairie streams were straightened and 
deepened. Lateral ditches and tiles were extended from 
the primary ditches to drain isolated depressional 
wetlands. Construction of watershed-scale drainage

projects, often encompassing several square miles, 
continued into the 1960's. Estimates vary, but about 80 
percent of the wetlands in the Minnesota River Basin 
were drained and converted to other uses (Leach and 
Magner, 1992). At present, 90 percent of the land in the 
basin is used for agriculture, primarily row crops such as 
corn and soybeans (Southern Minnesota River Basin . 
Commission, 1977).

The network of tiles and ditches extends over much of 
the Minnesota River Basin. Quade and others (1980) 
inventoried drainage systems in four southern Minnesota 
counties, three of which are located wholly within the 
Minnesota River Basin. Their research showed that ditch 
construction had more than doubled the length of the 
surface fluvial system. They also compared the ditch 
system to the first- and second-order categories of the 
stream-ordering system developed by Strahler (1950). 
They stated, "The closeness of fit of the drainage ditch 
systems to the low-order Strahler classification scheme 
suggests that man has taken an immature lake-marsh 
environment and within 100 years created a 
geomorphically mature fluvial landscape" (Quade and 
others, 1980, p. viii).

Subsurface tiles further enhance the drainage 
capability afforded by the ditches, especially when 
surface intakes are installed in depressional areas to allow 
surface runoff to flow directly into the tile lines. Effects of 
artificial drainage on the hydrologic setting of the 
Minnesota River Basin were addressed by Magner and 
others (1993). Magner and others proposed that, prior to 
artificial drainage, much of the precipitation falling on the 
basin infiltrated the soil and was contained in shallow, 
localized ground-water flow systems that discharged to 
wetlands where much of the water evaporated. They 
concluded that artificial drainage has regionalized the 
flow system by collecting surface and subsurface flows 
and delivering them to the Minnesota River. This 
modified hydrologic system has enhanced potential for 
surface-water transport of non-point source constituents 
to the Minnesota River.

Concrete dams have been constructed at the outlets of 
Big Stone Lake, Marsh Lake, and Lac qui Parle to control 
floodwaters and lake levels. The Big Stone-Whetstone 
Reservoir was constructed in the Minnesota River Valley 
between Big Stone Lake and Marsh Lake during the 
1970's. These lakes and the reservoir receive all tributary 
flow from the Upper Minnesota, Pomme de Terre, and 
Lac qui Parle Basins. In addition, a significant portion of 
flow from the Chippe wa River Basin is diverted to Lac qui 
Parle Reservoir. During spring and summer floods, 
Chippewa River flow in excess of 1000 ft3/s is diverted to 
Lac qui Parle. When flow in the Chippewa River is less 
than 1000 ft3/s, one half of its flow is diverted to Lac qui 
Parle.
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Sources of Sediment, Nutrients,
and Oxygen-Demanding

Substances
The term sources, as used in this report, refers to 

geographical source regions rather than to specific 
localized sources, such as an eroding hillside or a feedlot 
This section of the report describes regional differences in 
non-point source loading and evaluates the relative 
importance of instream and watershed sources. The load 
of a particular chemical constituent in a stream is 
calculated by multiplying the concentration of a 
constituent by stream discharge. The resulting value is 
the amount (load) of that constituent transported by the 
stream during a specified time period.

Geographic Source Regions
The regional variation of physiography, geology, and 

the temporal variation in rainfall distribution within the 
basin were considered to be natural factors that would 
have effects on water quantity and quality. The natural 
hydrologic influences were identified so they could be 
differentiated from anthropogenic effects such as land- 
use practices. The west to east precipitation gradient, for 
example, could cause the eastern part of the basin to have 
more runoff-producing storms, therefore, producing 
higher sediment loading, irrespective of land-use activity.

Regional variability of basin water quality is defined 
by four broad geographic source regions (figs. 1, 6a-6c). 
These regions are (I) Minnesota River headwater basins, 
(II) Hawk Creek-Yellow Medicine, Redwood, 
Cottonwood, and Little Cottonwood-Middle Minnesota 
River Basins upstream of New Ulm, (in) Watonwan, 
Blue Earth, and Le Sueur River Basins, and (IV) Little 
Cottonwood-Middle Minnesota River Basins 
downstream of New Ulm and the Lower Minnesota River 
Basin. These basin divisions, while based on findings 
from this study, are somewhat arbitrary, and the 
distinctions between regions are, in some instances, 
gradational.

Source Region I (fig. 6a) consists of the Upper 
Minnesota, Pomme de Terre, Lac qui Parle, and 
Chippewa Basins. Theeffectof low average precipitation 
combined with evaporation from the four headwater 
reservoirs results in this region having the lowest annual 
runoff in the basin. During the initial planning phase of 
this study, it was hypothesized that the headwater 
reservoirs would accumulate the inflows of the tributaries 
and that significant biochemical processing of that inflow 
would occur within the reservoirs. Outflow from the most 
downstream reservoir, Lac qui Parle, would represent the 
end result of processes in all four reservoirs. It was

expected that water quality of outflow from Lac qui Parle 
would tend to be less variable than water quality at river 
locations elsewhere in the basin.

There are two hydroelectric dams downstream of Lac 
qui Parle; one is located in the city of Granite Falls and the 
other is located 2.5 miles downstream from Granite Falls. 
Neither of these dams impound large reservoirs. 
Downstream from Granite Falls, the relative influence of 
the headwater reservoirs diminishes as the Minnesota 
River receives inflow from two major tributaries, the 
Hawk Creek and Yellow Medicine River.

The Hawk Creek-Yellow Medicine Basin, Redwood 
River Basin, Cottonwood River Basin, and the Little 
Cottonwood-Middle Minnesota River Basin upstream of 
New Ulm, form the second source region as defined for 
this study (fig. 6b). The Minnesota River in this region 
undergoes more rapid fluctuations in flow rate and water 
quality as tributaries in this source region respond to 
snowmelt and heavy rainfall. Continuous stage records 
for the Yellow Medicine, Redwood, and Cottonwood 
Rivers show rises in stage within one to four hours after 
the onset of rainfall. Hawk Creek is not gaged for 
collection of continuous stream discharge data, but stage 
measurements of Hawk Creek during runoff indicated 
that it also responds rapidly to rainfall.

In addition to the four major tributary rivers, parts of 
Source Region II contain other streams that are direct 
tributaries to the Minnesota River. About twenty 
tributaries enter the Minnesota River between Granite 
Falls and New Ulm. The watersheds of these tributaries 
support intensive agriculture and their upstream reaches 
are drainage ditches and improved natural channels. The 
rapid response to rainfall recorded for one of these 
tributaries, the Little Cottonwood River, suggests that the 
other tributaries may have similar rainfall-runoff 
responses. This source region, like Source Region I, 
experienced fewer runoff periods during the study 
compared to the eastern part of the Minnesota River 
Basin. This region is differentiated from the Source 
Region I in that non-point source constituents in stream 
runoff are delivered directly to the Minnesota River.

The Watonwan, Blue Earth, and Le Sueur River Basins 
form Source Region in (fig. 6c). The Watonwan and Le 
Sueur Rivers join the Blue Earth River near its mouth. 
These three river basins drain the area of highest rainfall 
and runoff in the Minnesota River Basin (figs. 2,3). 
Long-term (1903-93) stream discharge records show that 
the Blue Earth River accounts for 46 percent of the flow 
of the Minnesota River at Mankato. During the study 
(August 1989-September 1992) the Blue Earth River 
delivered 46 percent of the flow of the Minnesota River at 
Mankato. The Blue Earth River drains about 40 percent

12
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less area than Source Region I, but delivers more than 
three times as much water to the Minnesota River. There 
is a hydroelectric dam located about 11 miles upstream 
from the mouth of the Blue Earth River. The dam creates 
a relatively small reservoir (about 400 acres). Hie dam is 
operated for power generation and the reservoir is not 
used for retention of flood waters. Because the water 
yield of this source region was known to be high, it was 
hypothesized at the beginning of the study that this region 
would contribute a large pan of the Minnesota River's 
non-point source load.

Source Region IV comprises the Little Cottonwood- 
Middle Minnesota RiverBasins downstream of New Ulm 
and the Lower Minnesota River Basin (fig. 6c). This 
source region contains more than 15 tributaries that drain 
directly to the Minnesota River. Two of these streams, 
Rush River and High Island Creek, were sampled during 
this study. This source region also is located in the part of 
the Minnesota River Basin that has higher rainfall and 
runoff (figs. 2,3). Runoff characteristics of this source 
region were similar to Source Region III drained by the 
Blue Earth River and its tributaries.

Suspended Sediment

The suspended-sediment sampling on the mainstem 
and at tributary sites was undertaken to gain an 
understanding of the nature and extent of suspended 
sediment deli very and transport It was hypothesized that 
suspended sediment is derived from erosional processes 
throughout the basin and that the tributary streams deliver 
a portion of the suspended sediment to the Minnesota 
River. It was also hypothesized that settling and 
resuspension of suspended sediment could occur during 
the transport process. An alternative hypothesis was that 
most of the suspended sediment is derived from bank and 
bed erosion.

Minnesota River mainstem

Figure 7 shows suspended-sediment load data from 
five synoptic samplings conducted on the Minnesota 
River mainstem. The water samples were collected 
during periods of stable discharge and covered a wide 
range of discharges. Stream discharge was considered 
stable if river stage was steady or changing slowly and no 
runoff had occurred within a 10-day period prior to 
sampling. The discharge rates during six synoptic 
samplings are shown in figure 8. There is about a 100-fold 
difference between the lowest and highest discharge rates 
sampled. It was difficult to execute a complete water 
sampling of the mainstem during stable discharge 
becauseof the large expanse of the basin. There were few

extended time periods when runoff was not occurring in 
one or more parts of the basin.

The synoptic samplings were conducted over all or 
parts of the mainstem from the outlet of Lac qui Parle (site 
1) to Henderson (site 28). The data in figure 7 show the 
increase in the amount of suspended-sediment load 
carried by the mainstem as it flows downstream. In 
general, there was about a 10-fold increase in sediment 
load from Lac qui Parle (site 1) to Henderson (site 28) 
during stable flow conditions. One notable exception is 
the August 1990 sampling period (fig. 7). Two rainfalls 
occurred in separate parts of the basin while sampling was 
underway. The effects of runoff from these rains are most 
apparent in the portion of the mainstem between sites 7 
and 12 and also between sites 14 and 26. The tributary 
runoff resulted in about a 40-fold increase in water 
discharge and a 300-fold increase in sediment load 
between Lac qui Parle (site 1) and Henderson (site 28). 
The decrease in load at site 28 resulted because the peak 
of the runoff had not yet reached site 28 when it was 
sampled. Tributary runoff was the primary source of 
suspended-sediment load to the Minnesota River during 
the August 1990 sampling period.

Suspended-sediment concentration data for the 
synoptic samplings are shown in figure 9. The data in 
figure 9 show that suspended-sediment concentrations at 
sites in the upstream portion of the mainstem were less 
than 100 mg/L during the synoptic samplings. 
Suspended-sediment concentrations below 100 mg/L in 
the upstream pan of the study reach likely reflect settling 
of sediment in the headwater reservoirs.

Source Region I was routinely monitored by collecting 
samples from the Minnesota River at Montevideo (site 3). 
The suspended-sediment data for this site are shown in 
figure 10. The results of frequent sampling at this site are 
consistent with the results from the synoptic sampling in 
that about 85 percent of the water samples from this 
source region have suspended-sediment concentrations 
less than 100 mg/L. About 15 percent of the samples, 
however, had concentrations near or exceeding 200 mg/L. 
Stream discharge is plotted with the suspended sediment 
data in figure 10. A comparison of the suspended- 
sediment concentrations with the stream discharge shows 
that most of the higher concentrations occurred during 
periods of increasing stream discharge during runoff. The 
exceptions occurred when flow rates at Montevideo (site 
3) increased because of release of relatively sediment- 
free water from the dam at Lac qui Parle (site 1). The 
effects of such a release are shown in the June 30,1992 
synoptic sampling (figs. 8,9). At the time of the June 30, 
1992 sampling, a relatively large discharge (4,670 ftVs), 
carrying little sediment (46 mg/L), was being released.
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As the Minnesota River flows out of Source Region I, 
suspended-sediment concentrations in the mainstem 
increase. When runoff is not a substantial part of stream 
discharge sediment concentrations can increase 
moderately or can decrease because of sediment 
deposition or dilution by tributary discharges or 
sediment-free ground water. These conditions are 
illustrated by the data from the August 1989, and August 
1991 synoptic samplings shown in figure 9. When the 
tributaries carry runoff to the mainstem, suspended- 
sediment concentrations increased as shown by data for 
sites 12,17, and 26 during the August 1990 sampling. 
These concentrations were measured in the parts of the 
reach affected by runoff-producing rainfall. Downstream 
from the headwater reservoirs, the frequency of elevated 
suspended-sediment concentrations is controlled by 
tributary inflow. This is shown by the data collected in the 
mainstem at Mankato (site 25), located 164 river miles 
downstream from the Montevideo (site 3) sampling site 
(fig. 11). Suspended-sediment samples have been 
collected daily at the Mankato site (site 25) since 1968. 
The stream discharge data and daily suspended-sediment 
concentration for the period corresponding to the MRAP 
study are shown in figure 11. In contrast to the mainstem 
at Montevideo (site 3), suspended sediment- 
concentrations at Mankato (site 25) frequently exceeded 
200 mg/L and at times exceeded 1000 mg/L.

Tributaries
Ten major tributaries were sampled near their 

confluence with the Minnesota River mainstem. Efforts 
were made to sample each tributary near its peak sediment 
concentration during runoff of various magnitudes. In 
addition, multiple water samples were collected during 
runoff at four tributary sites to determine and characterize 
the change in concentration and load during the rise and 
fall in river stage that accompanied each runoff.

Because of the strong west to east rainfall and runoff 
gradient, there were fewer opportunities to sample runoff 
in tributaries in the western part of the basin. As a result, 
only two runoff periods were sampled in the Chippewa, 
Hawk Creek, and Yellow Medicine Rivers, whereas, six 
or more runoff periods were sampled in the Watonwan, Le 
Sueur, and Blue Earth Rivers. Figure 12 shows the range 
of suspended-sediment concentrations at each tributary 
site. The data plotted in figure 12 represent samples from 
runoff as well as samples collected at low flow concurrent 
with three of the synoptic samplings on the mainstem.

Suspended-sediment concentrations increase rapidly 
as river stage rises in response to runoff. A typical rise in 
concentration with increasing stream discharge is shown 
in figure 13. Peak suspended-sediment concentrations

are present before the stream discharge peak. As stream 
discharge peaks and diminishes, suspended-sediment 
concentrations decline. Two factors may explain this 
phenomenon.

The first factor is the available sediment becomes 
depleted before the water discharge peak. Part of the 
sediment that is available is supplied from the impact of 
raindrops that dislodge soil particles. This process stops 
when the rainfall stops. Another source of material is the 
sediment that has accumulated within channels and other 
drainage courses. This is sediment that was deposited in 
the channels during the recessions of previous runoff 
periods. In addition, wind-eroded topsoil accumulates in 
sheltered areas such as channels, and in road and drainage 
ditches. For each runoff, the amount of accumulated 
channel sediment is finite, and once the sediment is 
removed, the contribution to runoff declines.

The second factor affecting the concentration decline 
during the recession is related to the source of the stream 
discharge. During the recession of stream discharge, a 
greater proportion of the flow is supplied by shallow, 
subsurface drainage carried by drain tiles and ditches. 
Water that has reached the stream through a subsurface 
pathway will be virtually free of suspended sediment 
The outcome of these processes is that the tributaries 
deliver the most highly-concentrated sediment during 
rising stages. During this study maximum concentrations 
of suspended sediment occurred within a few hours to a 
few days depending on the duration of the runoff.

Intensive sampling during runoff on the Blue Earth 
River and its tributaries provided information about 
suspended-sediment delivery from the tributaries. Four 
sampling sites in the Watonwan, Le Sueur, and Blue Earth 
Basins were used (sites 21 -24 in fig. 6c). The objective of 
the detailed sampling was to measure the contribution of 
each tributary and determine how much of the sediment 
was transported to the mouth of the Blue Earth River at its 
confluence with the Minnesota River. The suspended- 
sediment load data are shown in table 5. The first event, 
March 16-April 9,1991, was a snowmelt runoff. During 
this runoff, 16 percent more sediment was delivered to the 
mouth of the Blue Earth River at Mankato (site 24) than 
was supplied by the Watonwan (site 22) and Le Sueur 
Rivers (site 23) and the Blue Earth River near Good 
Thunder (site 21). Analysis of the daily sediment data 
showed that most of the additional sediment was supplied 
during the first 10 days of the runoff when river stages 
were rising. A possible source of the additional sediment 
is material that had accumulated in the Blue Earth River 
channel. Another source is the upstream end of the 
Rapidan Reservoir below the mouths of the Watonwan 
and Blue Earth River. During field reconnaissance,
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accumulations of fine sediment were observed at these 
locations when the reservoir was in drawdown during late 
summer 1989. Sediment from the reservoir may have 
been scoured and resuspended as water re-entered the 
reservoir. During the last nine days of the runoff, the 
Watonwan (site 22) and Le Sueur Rivers (site 23) and the 
Blue Earth River near Good Thunder (site 21) were 
delivering more sediment than the Blue Earth River was 
delivering at its mouth. This occurred as river stages were 
in recession and suggests that sediment was being 
deposited in the river channel or reservoir during the 
runoff.

The second event, May 5-13,1991, was caused by 
runoff from rainfall. During this runoff, the amount of 
sediment transported into the Blue Earth River by the 
Watonwan (site 22) and Le Sueur Rivers (site 23) and the 
Blue Earth River near Good Thunder (site 21) was almost 
evenly balanced by the amount delivered by the Blue 
Earth River at its mouth. Daily suspended-sediment 
totals for each site show that during the last four days of 
the runoff, more sediment was coming into the Blue Earth 
River than was being transported at its mouth, suggesting 
a net deposition of sediment within either the Rapidan 
Reservoir or the Blue Earth River channel downstream of 
the reservoir or in both. The deposition represents six 
percent of the total sediment in transport. This value is 
within the error associated with measurement of sediment 
discharge.

The third event, July 22-26,1991, was caused by 
rainfall. The Watonwan River (site 22) Basin received 
less rainfall during this period and did not produce 
significant runoff. The Le Sueur River (site 23) and the 
Blue Earth River near Good Thunder (site 21) did 
respond, and collectively delivered about 50,000 tons of 
sediment This amount of sediment was about the same 
as the amount measured at the mouth of the Blue Earth 
River.

The results obtained by sampling these three runoff 
periods indicate that about all the sediment delivered to 
the Minnesota River by the Blue Earth River originates in 
the Watonwan (site 22) and Le Sueur Rivers (site 23) and 
the Blue Earth River near Good Thunder (site 21). The 16 
percent sediment gain that was calculated for the 
snowmelt period probably can be attributed to scouring of 
previously-deposited sediment or to bank and bed erosion 
in the portion of the Blue Earth River upstream of Good 
Thunder. These results, based on three runoff periods, 
represent runoff derived from both snowmelt and rainfall 
and were calculated from peak stream discharges at the 
mouth of the Blue Earth River thatranged from 5,270 tf/s 
during snowmelt to 15,200 ft3/s during the May runoff 
from rainfall.

An important aspect of the results from the runoff 
sampling is that the relative contribution of the three 
major streams varied significantly between runoff 
periods. During snowmelt, the largest sediment load was 
measured at Blue Earth River near Good Thunder, 
whereas, during the May runoff, the largest sediment load 
was measured at the Le Sueur River (tab. 5). This 
variability is indicated by the differences in sediment 
yield (tons of sediment per square mile of drainage area) 
(tab. 5).

Suspended-sediment loads

The periodic sampling in the tributary streams 
provided information to characterize sediment delivery to 
the mainstem. The highly variable temporal and spatial 
loading patterns, however, make estimation of annual 
loads difficult unless all runoff periods are sampled. 
Daily suspended-sediment samples were collected from 
1989 to 1992 at the mouth of the Blue Earth River at 
Mankato (site 24) to provide an assessment of sediment 
transport. The Blue Earth River at Mankato (site 24) was 
chosen for this sampling because long-term stream 
discharge monitoring (1903-93) had shown that it 
provided a significant amount of flow to the Minnesota 
River. This site is about one mile upstream from a long- 
term (1968-93) daily suspended-sediment sampling site 
operated by the USGS on the Minnesota River mainstem 
at Mankato (site 25). The establishment of a daily 
sampling site at the mouth of the Blue Earth River at 
Mankato (site 24) provided for direct comparison of Blue 
Earth River sediment loads with those calculated for the 
Minnesota River at Mankato (site 25).

Daily-mean suspended-sediment concentrations and 
daily sediment loads for both sites are shown in figures 11, 
14,15, and 16. The daily-mean stream discharge for both 
sites is shown in figure 17. As shown in figure 17, peaks 
and recessions of daily-mean stream discharge in the 
Minnesota River at Mankato (site 25) closely follow the 
peaks and recessions of stream discharge in the Blue 
Earth River at Mankato (site 24). This is a reflection of the 
large amount of the total flow in the Minnesota River at 
Mankato (site 25) that is supplied by the Blue Earth River. 
During the study, the Blue Earth River contributed about 
46 percent of the total flow of the Minnesota River at 
Mankato (site 25). This percentage was nearly constant, 
at 45 percent during 1990,44 percent during 1991, and 
about 48 percent during 1992. Annual flow in both rivers 
during 1992 was three times higher than it was in 1990, 
indicating that the relative amount of flow contributed by 
the Blue Earth River to the Minnesota River can remain 
constant over widely varying hydrologic conditions.
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Table 5.--Suspended-sediment bads and yields for water-quality sampling sites in the Watonwan (site 22), 
Le Sueur (site 23), and Blue Earth River (sites 21 and 24) Basins for three runoff periods

[Suspended-sediment load, in tons]

Date
(mrn/dd/yy)

Blue Earth River near
Good Thunder

(site 21)

Watonwan River near
Garden City

(site 22)

Le Sueur River
near Rapidan

(site 23)

Blue Earth River at
Mankato
(site 24)

Snowmelt-runoff period March 16-April 9, 1991

03/16/91
03/17/91
03/18/91
03/19/91
03/20/91
03/21/91
03/22/91
03/23/91
03/24/91
03/25/91
03/26/91
03/27/91
03/28/91
03/29/91
03/30/91
03/31/91
04/01/91
04AE/91
04/03/91
04/04/91
04/05/91
04/06/91
04/07/91
04/08/91
04/09/91

Total load*
Percent1*
Sediment yicldc

28
33
68

146
475

2140
3290
3360
3900
4940
4830
4050
3300
2890
2500
2180
1880
1650
1380
1070
944

1020
1150
1160
960

49344
44.5
32

5
5
5
6

19
90

269
759

1040
1280
1420
1340
1160
1090
916
788
748
696
550
379
265
193
135
100

__ 22

13335
12.0
16

Rainfall-runoff period May 5-13,

05/05/91
05/06/91
05/07/91
05/08/91
05/09/91
05/10/91
05/11/91
05/12/91
OS/13/91

Total load3

Percent1*

Sediment yicldc

3870
11400
10500
9020

11900
12100
10300
8000
6250

83340

41.8

54

1960
2560
1380
817
640
536
435
346

_ 224

8948

4.5

10

18
23
37
89

233
529

1070
2450
3340
3290
2710
2640
2590
2560
2340
1900
1610
1270
1000
789
631
506
420
358

_ 204

32689
29.5
29

1991

11300
25000
19800
18600
16100
10700
7330
5380
4300

118510

59.4

107

101
126
149
353
275

2210
6120
7850

13000
11400
10500
7600
7100
7120
7330
6910
6520
3720
2460
2050
1760
1770
1680
1620
1180

110904
100
31

16700
31700
32400
31800
30600
22000
15900
11700
6620

199420

100

56

26



Table 5.--Suspended-sediment loads and yields for water-quality sampling sites in the Watonwan (site 21), Le Sueur 
(site 22), and Blue Earth River (sites 21 and 24) Basins for three runoff periods-Continued

Blue Earth River near 
Date Good Thunder 

(mm/dd/yy) (site 21)

Watonwan River near 
Garden City 

(site 22)

Le Sueur River 
near Rapidan 

(site 23)

Blue Earth River at 
Mankato 
(site 24)

Rainfall-runoff period July 22-26, 1991

07/22/91

07/23/91

07/24/91

07/25/91

07/26/91

Total*

Percent 1*

Sediment yield0

4380

8180

4330

2310

1310

20500

40

13

not sampled

not sampled

not sampled

not sampled

not sampled

7400

10100

6760

3550

2240

30000

60

27

13300

18000

11300

4790

2580

50000

100

14

* Load contributions from tributaries do not equal total load at the mouth of the Blue Earth River because of 
losses caused by deposition or gains from other sediment sources such as bank and bed erosion and 
channel scour.

b Percent of total load at mouth of Blue Earth River.
c Yield in tons per square mile for runoff period.

The data collected during the study show that about 55 
percent of the suspended-sediment load in the Minnesota 
River at Mankato was contributed by the Blue Earth 
River, which drains only 24 percent of the total basin. The 
suspended sediment contributed to the Minnesota River 
at Mankato (site 25) by the Blue Earth River was 
relatively constant during each year of the study (57 
percent during 1990,55 percent during 1991, and 55 
percent during 1992). Mean-monthly suspended- 
sediment concentrations and monthly load data for both 
rivers are shown in figures 18 and 19. Mean-monthly 
suspended-sediment concentrations in the Blue Earth 
River exceeded those in the Minnesota River during most 
months, especially during months when mean 
concentrations were above 100 mg/L.

The daily suspended-sediment records provide a 
means to calculate and compare suspended-sediment 
yields for each of the rivers on a yearly basis, by 
subtracting the annual suspended-sediment load of the 
Blue Earth River at Mankato (site 24) from the annual 
suspended-sediment load for the Minnesota River at 
Mankato (site 25), the suspended-sediment load of the 
Minnesota River upstream of its confluence with the Blue 
Earth River can be computed. The basin upstream of the 
confluence yielded 19.9,78.5, and 62.1 tons per square 
mile (tons/mi2) during 1990,1991, and 1992, 
respectively. The yields from the Blue Earth River Basin 
were significantly higher at 84.2,313, and 241 tons/mi2.

The total yields for the Minnesota River at Mankato (site 
25) were 35.2,134, and 105 tons/mi2 during 1990, 
1991 .and 1992, respectively. The long-term suspended- 
sediment yields for the Minnesota River at Mankato (site 
25) ranged from a low of 11.6 tons/mi2 (1988) to a high 
of 242 tons/mi2 (1969) and averaged 73.8 tons/mi2 during 
the past 25 years (fig. 20).

The total drainage area at Mankato, however, includes 
about 6,100 mi2 in Source Region I upstream from 
Montevideo. As previously discussed, this source region 
delivers little sediment relative to source regions 
downstream of Montevideo. Comparisons between 
yields of the Blue Earth River Basin and the Minnesota 
River Basin upstream of the Blue Earth River are, 
therefore, more meaningful if the drainage area upstream 
of Montevideo is subtracted before calculating 
suspended-sediment yields. After this subtraction, the 
Blue Earth River's drainage area becomes 40 percent of 
the total drainage area of the MinnesotaRi ver at Mankato. 
The yields for the part of the Minnesota River Basin 
upstream of the Blue Earth River using this adjustment 
are 43.4,171, and 135 tons/mi2 during 1990,1991, and 
1992, respectively. After this adjustment, the yields for 
the Minnesota River above the confluence with the Blue 
Earth River are still less than the yields for the Blue Earth 
River Basin. These data illustrate the effect the Blue 
Earth River has on the suspended-sediment load of the 
Minnesota River at Mankato.
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Figure 17.--Daily-mean stream discharge for the Blue Earth River at Mankato (site 24) 
and the Minnesota River at Mankato (site 25), October 1989-September 1992.
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Source areas in the Minnesota River Basin upstream of 
the confluence of the Blue Earth River also made a 
significant contribution (45 percent) to the total 
suspended-sediment load at Mankato. Daily sediment 
records showed that, for brief periods at least, the 
sediment loading from these areas exceeded the loading 
from the Blue Earth River. Tomes (1986) estimated 
yields from two of the major basins, Redwood River and 
Cottonwood River. The yield estimates were based on 
relatively short-term daily-sediment records (2-10 years) 
that were extended to 14-year periods by use of daily flow 
records and suspended-sediment transport curves. 
Calculations using these methods estimated average 
annual suspended-sediment yields of 18 tons/mi2 for the 
Redwood River Basin and 56 tons/mi2 for the 
Cottonwood River Basin.

Data from long term (25 years) sediment records for 
the Minnesota River at Mankato (site 25) are shown in 
figure 20. The average annual sediment load for the 
Minnesota River at Mankato (site 25) is 1,490,000 tons. 
During the MRAP study, annual sediment loads in the 
Minnesota River at Mankato (site 25) ranged from below 
average (524,000 tons) during 1990, to about average 
(1,560,000 tons) during 1992, to above average 
(2,000,000 tons) during 1991. The year to year variability 
in annual sediment load is consistent with that seen in the 
25 year period of record (fig. 20).

Upland and instream sediment sources
Concern has been expressed about effects of sediment 

contributed from erosion of river banks and beds. Bank 
erosion is highly visible along most of the Minnesota 
River mainstem and also along some reaches of the major 
tributaries. The concerns are: (1) what are the effects of 
erosion on suspended-sediment concentrations in the 
mainstem, (does bank and bed erosion cause high 
concentrations and turbidity in the mainstem), and (2) 
does sediment from the banks and beds contribute to the 
total load of sediment carried to the mouth of the 
Minnesota River, and subsequently, to the Mississippi 
River.

Gains in sediment load within stream reaches are 
attributable to bank and bed erosion, provided that no 
other sources, such as tributaries are delivering sediment 
at the time of sampling. Releases of relatively large 
amounts of water from Lac qui Parle Reservoir provided 
opportunities to measure the effects of bank and bed 
erosion. These releases took place during periods when 
flows from runoff in tributary streams had receded and the 
tributaries were delivering little sediment Suspended- 
sediment samples were collected during two releases, one 
in August 1991 that filled the channel to about one-half

bank full, and one in June 1992 that produced flows that 
were at or near bank-full levels. Bank and bed erosion 
was expected to be high at the time of sampling because 
the river had crested and was receding slowly. Under 
these conditions, saturated stream banks could slump and 
collapse.

The suspended-sediment data collected during the two 
reservoir releases are shown in figure 7, and in table 6. 
The August 1991 sampling was conducted at 12 sites 
located along the mainstem from the outlet of Lac qui 
Parle (site 1) to Henderson (site 28). The results of the 
sampling show that the net gain in suspended-sediment 
load in the reach was 3,550 tons per day, which represents 
an average gain of 16 tons per day per mile (tons/d/mi) at 
the time of sampling. Table 6 shows that load accretions 
in the first four subreaches from Lac qui Parle (site 1) to 
Morton (site 12) were relatively constant, ranging from 8- 
16 tons/d/mi. Between Morton (site 12) and Fairfax (site 
13) the gain decreased to less than 1 ton/d/mi and between 
Fairfax (site 13) and New Ulm (site 14) there was a net 
loss of 6 tons/d/mi. Downstream from New Ulm (site 14), 
the river gained sediment at rates that ranged from 13-87 
tons/d/mi.

Not all of the gain can be attributed to bank and bed 
erosion because the tributaries, while not carrying 
sediment from runoff at the time, were, nonetheless, 
carrying some sediment to the mainstem. This is shown 
by the relatively high gains of 33 tons/d/mi and 87 
tons/d/mi in the subreaches where the Cottonwood and 
Blue Earth Rivers enter the mainstem. The sediment 
contribution of the Blue Earth River can be determined 
because it has a daily sediment-discharge record. 
Subtracting the load from the Blue Earth River and 
recalculating the gain from Judson (site 17) to Mankato 
(site 25), results in a change from 87 tons/d/mi to 39 
tons/d/mi. The sediment discharge from the Cottonwood 
River can be estimated from stream discharge records and 
the sediment transport curve developed by Tomes (1986). 
Subtracting the estimated sediment discharge contributed 
by the Cottonwood River results in a change from 33 
tons/d/mi to 30 tons/d/mi for the subreach between New 
Ulm (site 14) and Courtland (site 16). Suspended- 
sediment discharge from tributary streams could be 
subtracted from other reaches also, but data are not 
available. This would lower the average rate for the entire 
reach.

The water sampling during June 1992 was conducted 
at only five mainstem sites located from the outlet of Lac 
qui Parle (site 1) to New Ulm (site 14) (tab. 6). Bank and 
bed erosion was expected to be higher than it was during 
the August 1991 sampling because stream discharge at 
Lac qui Parle (site 1) was significantly higher during June
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1992 (4,670 tf/s) than it was during August 1991 (2,390 
ft3/s). Only one of the subreaches, however, showed a 
load gain that was higher than those calculated for the 
August 1991 sampling. This gain, 918 tons per day, was 
calculated for the reach between Montevideo (site 3) and 
Sacred Heart (site 6). The increase in load in this reach 
represents a gain of 28 tons/d/mi. The other subreaches 
showed either a slight gain (8 tons per day) or losses of 
sediment The reach between Morion (site 12) and New 
Ulm (site 14) had a substantial sediment loss (539 tons per 
day), which is consistent with the loss of 140 tons per day 
in this reach during the August 1991 sampling. The net 
sediment gain for the reach from Lac qui Parle (site 1) to 
New Ulm (site 14) was 325 tons per day during June 1992 
as compared to 838 tons per day during August 1991.

The load accretion from bank and bed erosion, while 
significant over the length of the Minnesota River, is 
substantially less than loads carried by similar stream 
discharges during runoff. For example, during the August 
1991 sampling when tributaries were not contributing 
much sediment load to the river, the stream discharge at 
Mankato (site 25) was 7,410 ft3/s and the sediment load 
was 3,080 tons per day. During runoff in April 1991 when 
tributaries were contributing a greater sediment load, a 
nearly identical stream discharge of 7,650 ft3/s carried a 
load of 16,100 tons per day.

The low suspended-sediment concentrations (<200 
mg/L) measured during the August 1991 and June 1992 
samplings suggest that bank and bed erosion does not 
produce high (>500 mg/L) suspended-sediment 
concentrations in the mainstem, such as those that were 
frequently measured in the Minnesota River at Mankato 
(site 25) (fig. 11). Perhaps the most significant results 
from the August 1991 and June 1992 samplings are in the 
suspended-sediment concentration data. These data 
show that, despite significant gains in sediment load in 
portions of the mainstem (1,140 tons per day in one 
subreach), the suspended-sediment concentrations 
increased only moderately. In the August 1991 sampling 
(tab. 6), concentrations did not rise above 102 mg/L in the 
upper 137 miles of the study reach. Concentrations 
increased in the portion of the reach downstream from 
New Ulm (site 14), but remained less than 200 mg/L. In 
the June 1992 sampling, concentrations increased even 
less than they did during the August 1991 sampling and 
remained less than 100 mg/L throughout the study reach.

To address concern that bank and bed erosion could be 
the source of a substantial part of the tributary suspended- 
sediment loads, sampling sites were established along the 
Redwood River near Redwood Falls (sites 8 and 10). The 
study reach was established where bank erosion was 
visible and ongoing during the MRAP study. The study

approach involved sampling at paired sites in the study 
reach. Sediment loads were measured at each site so that 
the gain in sediment load from bank and bed erosion 
between the paired sites could be calculated. There was 
one tributary stream within the study reach (site 9). The 
tributary stream also was sampled so that its contribution 
to the total load could be calculated and subtracted out.

Data from a four-day runoff in the Redwood River 
study reach are shown in table 7. The Redwood River 
near Seaforth (site 8) is 5.2 river miles upstream from the 
Redwood River near Redwood Falls (site 10). The gain 
in sediment between these sites during the four-day 
period was 3,896 tons after subtracting the contribution 
(172 tons) from the tributary stream, Judicial Ditch 5 (site 
9). Most of the gain (2,643 tons) occurred during the first 
day of runoff. The load accretion in the study reach was 
526 tons/mi on the first day of runoff, but declined to 42 
tons/mi on the fourth day. Samples were collected for 
determination of suspended-sediment particle size at all 
three sampling sites during the first day of runoff. The 
results showed that about 10 percent of the sediment at the 
Redwood River near Seaforth (site 8) was sand sized. At 
the Redwood River near Redwood Falls (site 10), 
however, 25 percent of the sediment was sand sized. The 
sediment transported by Judicial Ditch 5 (site 9), in 
contrast, was comprised almost entirely of silt- and clay- 
sized particles and had less than one percent sand. 
Material also was collected from the banks at 10 locations 
along the study reach. The bank-material samples ranged 
from 36 to 77 percent sand, and averaged 57 percent sand. 
The presence of a higher proportion of sand in the 
sediment in transport at the Redwood River near 
Redwood Falls (site 10) suggests that the additional 
sediment in transport at that site could have been from 
bank erosion. Bed scour is another potential source for 
the sediment gained in this reach.

The rate of sediment-load accretion (526 tons/d/mi) 
calculated for the Redwood River during the first day of 
runoff is high compared to rates determined for the 
Minnesota River mainstem. This rate probably is much 
higher than normal for the Redwood River, however, 
because the stream discharge at the time of sampling was 
much higher than normal. The stream discharge at the 
runoff peak has been exceeded only four times in 67 years 
and was the highest flow recorded since 1969.

Nutrients
Nutrients are necessary for growth and maintenance of 

all life forms. However, nutrients can cause problems in 
aquatic systems when they are present in quantities that 
greatly exceed the amounts normally needed to sustain 
organisms living in the system. This process of nutrient
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enrichment (eutrophication) can cause production of 
algae and other aquatic plants to exceed desirable levels. 
This study investigated two nutrients, phosphorus and 
nitrogen, which have been frequently identified as 
contributors to eutrophication when present in high 
quantities and which, in the case of two forms of nitrogen, 
un-ionized ammonia and nitrate, can be toxic.

Table /.-Suspended-sediment loads and yields for
water-quality sampling sites in the Redwood River Basin

for runoff period of June 17-20,1992
[Suspended-sediment load, in tons]

Date

06/17/92

06/18/92

06/19/92

06/20/92

Total*

Yield b

Redwood
River at
Seaforth
(site 8)

3210

1380

818

444

5852

10

Judicial
Ditch 5 near

Redwood
Falls

(site 9)

97

49

17

9

172

20

Redwood
River near
Redwood

Falls
(site 10)

5950

2240

1070

664

9920

16

a Total load for runoff period.

b Yield in tons per square mile for runoff period.

Phosphorus
Water samples were analyzed for both dissolved and 

paniculate forms of phosphorus. Dissolved 
orthophosphorus commonly is regarded as problematic 
because it is readily available for uptake by algae. 
Phosphorus in the paniculate form also can be 
problematic because it can be transported as part of the 
suspended load, potentially affecting aquatic systems 
located farther downstream. The combined amounts of 
dissolved and paniculate phosphorus are termed total 
phosphorus. Total phosphorus data for the mainstem sites 
are shown in figure 21.

Total phosphorus concentrations for water samples 
collected at mainstem sites ranged from 0.04 to 0.48 mg/L 
and the median value was 0.22 mg/L. The interquartile 
range was 0.15-0.29 mg/L. At times, much of the 
phosphorus in the mainstem water samples was in the 
form of dissolved orthophosphorus. The proportion of 
dissolved orthophosphorus in mainstem water samples 
varied widely, ranging from 3 to 89 percent, but dissolved 
orthophosphorus comprised at least 33 percent of the total

phosphorus in 50 percent of the samples. Dissolved 
orthophosphorus concentrations ranged from 0.01 to 0.34 
mg/L and the median concentration was 0.07 mg/L. The 
interquartile range for dissolved orthophosphorus was 
0.04-0.13 mg/L. The presence of dissolved 
orthophosphorus at these levels suggests that the 
Minnesota River is enriched with phosphorus in amounts 
that exceed the growth requirements of the algae that were 
in the river at the time of sampling.

The data in figure 22 show total phosphorus 
concentrations by source regions in selected subreaches 
of the mainstem. Differences in the phosphorus 
concentrations between subreaches might suggest that 
they are receiving different levels of phosphorus loading. 
The data were evaluated to determine if there were 
statistically significant differences in total phosphorus 
concentrations between the four source regions of 
mainstem sites shown in figure 22. Statistical tests 
showed that there was no difference between Source 
Region II, III, and IV, but that Source Region I was 
significantly different (p<0.05) from Source Region II, 
ni, and IV. The results show that total phosphorus 
concentrations are lower in the part of the Minnesota 
River (Source Region I) that receives loading from the 
Minnesota River headwater basin source region, which 
may indicate that there is less phosphorus loading from 
this region.

Total phosphorus concentrations in the samples from 
tributary streams had a median concentration of 0.21 
mg/L and an interquartile range of 0.13 to 0.34 mg/L. 
Dissolved orthophosphorus concentrations in samples 
from tributary streams had a median concentration of 0.11 
mg/L and an interquartile range of 0.03 to 0.15 mg/L. 
Dissolved orthophosphorus comprised at least 42 percent 
of the total phosphorus in 50 percent of the samples. 
Phosphorus concentrations in tributaries increased during 
runoff periods. This response is shown by the total 
phosphorus and stream discharge data for the Blue Earth 
River (fig. 23). Total phosphorus concentrations often 
reached peak values during the rising portion of the 
stream discharge hydrograph. This is particularly evident 
in the data shown for March of 1990,1991,and 1992 (fig. 
23). The median total phosphorus concentration in Blue 
Earth River samples was 0.16 mg/L. During runoff, total 
phosphorus concentrations were about two times greater 
than the median value and about five times greater than 
concentrations in samples collected during low flow (fig. 
23).

The other major tributaries were not sampled as 
frequently as the Blue Earth River, but efforts were 
directed to collecting samples over a wide range of stream 
discharge conditions from each stream. As indicated by
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the total phosphorus data shown in figure 12, 
concentrations in all the tributaries fluctuated over a wide 
range of values. Generally these fluctuations correspond 
to increases in phosphorus concentrations during runoff, 
but some of the elevated concentrations occurred during 
non-runoff periods.

The data collected during this study show that the 
tributaries frequently transport phosphorus-enriched 
water to the mainstem. The phosphorus-enriched water is 
often delivered during periods of increased stream 
discharge which results in the transport of large amounts 
of phosphorus to the mainstem. Peak loading rates for 
days when the major tributaries were sampled ranged 
from 0.66 tons per day (tons/d) for High Island Creek (site 
29) to 15 tons/d for the Blue Earth River. A quantitative 
determination of the annual phosphorus contribution 
from each of the major tributaries is beyond the scope of 
this report.

The phosphorus loading from each major tributary to 
the Minnesota River is most distinct in the reach 
immediately downstream of its confluence. Also, each 
major tributary will contribute to the total load of 
phosphorus transported to downstream locations on the 
Minnesota River and eventually to the Mississippi River. 
The effect of a tributary near its confluence with the 
mainstem depends on the flow rate in the mainstem at the 
time of runoff. A large volume of phosphorus-enriched 
water from a single tributary, for example, can 
significantly affect concentrations in the mainstem if the 
flow in the mainstem is low relative to the runoff volume 
of the tributary. The contribution of a single tributary to 
the total load in the Minnesota River, however, will 
depend not only on the flow rate and phosphorus 
concentration in that tributary during each runoff, but also 
on the number of runoff periods. Tributary streams 
located in the portions of the basin that have lower annual 
rainfall and runoff, therefore, can be expected to deliver 
a smaller portion of the Minnesota River's total annual 
phosphorus load. The effect of these streams is likely to 
be realized primarily in the vicinity of their confluence 
with the mainstem, with a lesser effect on the total load at 
the mouth of the mainstem. Streams draining the high 
rainfall and runoff areas of the basin, in contrast, are likely 
to have an effect on the mainstem at their point of 
confluence, and will contribute a relatively larger portion 
of the Minnesota River's annual phosphorus load.

Nitrogen
Water samples were collected and analyzed for 

nitrogen in four forms; nitrite, nitrate, ammonia, and 
organic nitrogen. Nitrate was the dominant form of 
nitrogen in nearly all samples, averaging 60 percentof the

total nitrogen present. Nitrate in drinking water may 
cause methemoglobinemia (Blue Baby Syndrome) in 
young children and a maximum nitrate concentration of 
10 mg/L has been adopted to protect public health 
(Minnesota Pollution Control Agency, 1990). Nitrate 
concentrations in the Minnesota River and its tributaries 
were less than 10 mg/L when the sites were sampled 
during low flow in August 1989. Row during those 
samplings was sustained primarily by discharge from 
ground water (Magner and Alexander, 1993). When 
streamflow increased during the spring and summer of 
1990, however, nitrate concentrations exceeded 10 mg/L 
in some parts of the Minnesota River Basin. This change 
is shown by the data for the Blue Earth River at Mankato 
(site 24) (fig. 24). As shown in figure 24, concentrations 
rose substantially during runoff and frequently exceeded 
10 mg/L. Nitrate concentrations tended to decline during 
late fall and winter months when stream discharge 
declined (fig. 24). A notable exception occurred during 
fall 1991 when snowmelt raised stream discharge 
substantially. Nitrate concentrations increased from 5.2 
mg/L on October 31,1991 to 16 mg/L on November 25, 
1991.

Increased nitrate concentrations during periods of 
increasing stream discharge was common to all sites 
sampled. The effect was less pronounced, however, in 
Source Region I as shown by the data from the Minnesota 
River at Montevideo (site 3) (fig. 25). Nitrate 
concentrations were elevated during runoff at the 
Minnesota River at Montevideo (site 3) but did not 
exceed 3 mg/L. Data from tributaries entering the 
Minnesota River from Source Region n, between Granite 
Falls and New Ulm, indicated that peak nitrate 
concentrations increased from west to east in the basin 
(fig. 12). Peak nitrate concentrations in water samples 
from Source Region II were higher than those in Source 
Region I, but generally did not exceed 10 mg/L except for 
one sample from Hawk Creek (site 5) which had a nitrate 
concentration of 11 mg/L, and two samples from the 
Cottonwood River near New Ulm (site 15) that had 
concentrations of 15 mg/L (May 1991) and 13 mg/L 
(April 1992).

Nitrate concentrations in samples from Source Region 
ni, comprised of the Blue Earth River and its tributaries, 
frequently exceeded 10 mg/L, reaching 20 mg/L in the 
Watonwan River (site 22), 26 mg/L in the Le Sueur River 
(site 23), and 25 mg/L in the Blue Earth River (site 24). 
Similarly, nitrate concentrations in samples from the 
Lower Minnesota River, Source Region IV, also exceeded 
10 mg/L, reaching 28 mg/L in the Rush River (site 27) and 
15 mg/L in High Island Creek (site 29).
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The west to east increase in nitrate concentration 
correlates with the west to east increase in rainfall and 
runoff. This relation, along with the increases in nitrate 
concentration that accompany increases in stream 
discharge, indicate that the movement of nitrate is closely 
tied to the movement of water. Examination of data from 
multiple samples collected during runoff periods showed 
that nitrate concentrations, unlike suspended-sediment 
and phosphorus concentrations, reach a maximum after 
the stream discharge has peaked. Stream discharge 
during this part of the runoff hydrograph is predominantly 
derived from subsurface drainage water delivered by 
ditches and tiles. This suggests that much of the nitrate is 
reaching the streams through a shallow subsurface 
pathway. Randall and others (1986) reported average 
nitrate concentrations that ranged from 16 to 172 mg/L in 
tiles draining shallow ground water at agricultural 
experiment stations located in the Minnesota River Basin.

Data collected during the first year of study indicated 
that nitrate loads in the Blue Earth River were high, 
exceeding 100 tons/d at times. These data suggested that 
the Blue Earth River (site 24) might be contributing a 
large proportion of the total nitrate load in the Minnesota 
River at Mankato (site 25). Both sites were sampled on 
a weekly basis from April 15-July 31,1991, so that loads 
in both rivers could be estimated and compared. The Blue 
Earth River (site 24) contributed 47 percent of the stream 
discharge and 69 percent of the nitrate load in the 
Minnesota River at Mankato (site 25) during April 15- 
July31,1991.

Part of the nitrogen in transport in Minnesota River 
Basin streams is in the form of ammonia. Water samples 
collected for this study were routinely analyzed for 
ammonia because the un-ionized form of ammonia (NH3) 
can be toxic to aquatic life. The percentage of un-ionized 
ammonia increases with increasing temperature and 
increasing pH. Total ammonia (NH3 plus Nt^) was less 
than 0.1 mg/L in most of the water samples collected from 
April to November. Total ammonia concentrations less 
than 0.1 mg/L, in combination with the stream 
temperatures and pH measured during April through 
November, indicate that un-ionized ammonia levels 
would not pose a threat to aquatic life. During winter and 
the early part of the spring snowmelt, total ammonia 
concentrations are much higher, typically between 0.1- 
1.0 mg/L. The potential toxicity posed by these elevated 
winter and early-spring ammonia concentrations is 
reduced, however, because low (<5°C) stream 
temperatures during these periods reduce the amount of 
ammonia that is present in the un-ionized form. 
Evaluation of 382 analyses for total ammonia in water 
samples collected during this study showed that only two 
samples had un-ionized ammonia concentrations at or

greater than the 0.04 mg/L standard established by the 
Minnesota Pollution Control Agency (1990). One of 
these water samples was collected less than 500 feet 
downstream from aknown point source of ammonia. The 
other sample, collected from the Minnesota River at 
Mankato (site 25) during spring snowmelt, had a 
calculated un-ionized ammonia concentration of 0.04 
mg/L.

Oxygen-Demanding Substances
Dissolved oxygen is required for the survival of the 

higher forms of aquatic life. The oxygen concentration in 
a surface-water body is a dynamic indicator of the balance 
between oxygen-consuming and oxygen-producing 
processes at the moment of sampling (Hem, 1985). The 
processes that consume oxygen are often biologically 
mediated, and typically involve bacterial processing of 
organic matter. This study investigated the oxygen- 
demand process by collecting water samples for the 
determination of biochemical oxygen demand (BOD) and 
chemical oxygen demand (COD). In addition, the 
amount of organic material was assessed by analyzing 
samples for organic carbon content in both dissolved and 
suspended forms. Water samples also were analyzed for 
fecal coliform and fecal Streptococcus bacteria, which 
are indicators of the presence of human and animal waste. 
Fecal wastes are oxygen-demanding substances.

BOD determinations are measurements of the amount 
of oxygen consumed in a specified time period. BOD 
concentrations vary with the amount of organic material 
and oxygen-consuming organisms present at the time of 
sampling. Monitoring of BOD that includes several 
seasons and various flow conditions can be useful for 
determining a characteristic BOD level for a stream. In 
this study, 152 BOD determinations were made from 
water samples collected at the mainstem sites. The mean 
BOD concentration in the mainstem was 5.3 mg/L and the 
median value was 4.6 mg/L (fig. 12). These values are 
similar to BOD concentrations determined from long- 
term monitoring of the Minnesota River at Shakopee 
(Minnesota Pollution Control Agency, 1985). Median 
BOD values at Shakopee from 1971-80 were 3.1 mg/L 
December-March, 5.2 mg/L April-May, 6.1 mg/L June- 
September, and 5.6 mg/L October-November.

These data indicate that a typical BOD concentration in 
the Minnesota River is about 5.0 mg/L. If 5.0 mg/L BOD 
is taken as an approximate norm, then 7.5 mg/L BOD 
would represent a 50 percent increase in oxygen demand. 
Using a level of 7.5 mg/L as an indicator of elevated 
BOD, the mainstem BOD data from this study were 
evaluated to determine if elevated BOD levels were 
associated with any particular time periods or river
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reaches. Sixteen percent of the mainstem BOD 
concentrations were greater than 7.5 mg/L. All of the 
values above 7.5 mg/L occurred during either early stages 
of the spring snowmelt or during August

The elevated BOD values measured during August 
coincided with periods of elevated algal productivity. 
Algal productivity was high in the samples that had 
elevated BOD, as indicated by chlorophyll a 
concentrations that exceeded 50 fig/L. As algal cells die, 
the decomposition process causes oxygen demand. The 
relation of BOD to algal productivity was evaluated by 
use of both parametric (Pearson) and nonparametric 
(Spearman) correlations (tabs. 8-14).

Correlation coefficients measure the strength of 
association between two variables, but a correlation 
between two variables does not necessarily provide 
evidence of a causal relationship between the two 
variables. One variable may be caused by the other, but 
they may also be correlated because they both share the 
same cause (Helsel and Hirsch, 1992). Data from 
mainstem sites were evaluated as a whole (tab. 8), 
seasonally (tabs. 9,12,13, and 14), and by mainstem 
segment (tabs. 10 and 11). Correlation coefficients 
referred to in the following discussion are Spearman 
coefficients unless otherwise specified. An evaluation of 
data from all mainstem sites for all seasons (tab. 8) 
showed that there was a significant correlation between 
BOD and the amount of algal productivity at the time of 
sampling. The Spearman correlation, for example, 
showed a significant (correlation coefficient = 0.65, p = 
0.0001) correlation between BOD and chlorophyll a. 
Algal productivity, however, generally does not reach 
elevated levels until late spring. The data were evaluated 
to determine if BOD and algal productivity were more 
highly correlated during the seasons when algal growth 
was elevated. The correlation between BOD and algal 
productivity increased (correlation coefficient=0.77, p = 
0.0001) when data from only late spring and summer 
(May-September 1989-92) were evaluated for all sites 
(tab. 9). The correlation between BOD and algal 
productivity was strongest for the data collected during 
May-September 1989-92 in the reach of the mainstem 
from Judson (site 17) to Henderson (site 28) (correlation 
coefficient=0.91,p=0.0001)(tab. 10). Algal growth and 
BOD were also highly correlated during May-September 
1989-92 in the reach from Lac qui Parle (site 1) to 
Courtland (site 16) (correlation coefficient = 0.68, p = 
0.0001) (tab. 11). BOD and chlorophyll a concentrations 
were not correlated (correlation coefficient = 0.28, p = 
0.2370) in samples collected during February-March, a 
period of generally low algal productivity (tab. 12).

All of the elevated BOD values (>7.5 mg/L) associated 
with early-spring snowmelt occurred during 1990. The 
Minnesota River was at low flow during the winter of 
1989-90 due to the drought of 1988-89. Stream discharge 
during March of 1990 was below normal because of little 
snow. Stagnant water had accumulated under ice in the 
small streams and drainage ditches during winter 1989- 
90. It was initially hypothesized that the elevated BOD 
was caused by the presence of dissolved organic matter 
and ammonia, both of which were above median values 
during January through March 1990. During January 
through March 1990, BOD was not correlated with 
ammonia or dissolved organic carbon (tab. 13), but was 
correlated with suspended organic carbon (correlation 
coefficient = 0.72, p = 0.0001). This correlation is 
consistent with analysis of data collected during all years 
of the study, which showed that BOD was most highly 
correlated with suspended organic carbon during October 
through April 1989-92 (tab. 14).

Suspended-organic carbon is a measure of the amount 
of paniculate carbon that originated as plant or animal 
matter. It is a measure of the carbon in living cells such 
as algae and it also is a measure of the carbon in nonliving 
plant and animal matter such as crop residue, tree leaves, 
and algal cells that have died but remain in transport in a 
stream. Chlorophyll a is a measure of only that plant 
material which is living, primarily algal cells in aquatic 
systems. Analysis of the data showed that BOD was 
significantly correlated with suspended organic carbon 
whether the data were examined as a whole or examined 
by season. During May through September, when algal 
productivity is elevated, BOD was more strongly 
correlated with chlorophyll a than with suspended 
organic carbon (tab. 9). During October through April, 
when algal productivity was typically lower than it was 
during May through September, BOD was more strongly 
correlated with suspended-organic carbon (correlation 
coefficient = 0.70, p = 0.0001) (tab. 14) than it was with 
chlorophyll a (correlation coefficient = 0.49, p = 0.0003) 
(tab. 14). These correlations suggest that the primary 
oxygen-demanding material during May through 
September is instream-generated algae. Nonliving 
paniculate organic matter exerts more of the oxygen 
demand during October through April.

The amount of oxygen-demanding substances also 
was investigated by sampling and analyzing for COD. 
The COD determination is a measure of all oxidizable 
material present in the water sample, whereas the BOD 
determination primarily measures oxygen consumed by 
biological processes during a five-day incubation at 20°C. 
An examination of the data showed that COD, unlike 
BOD, was not highly correlated with suspended-organic 
carbon or chlorophyll a (tabs. 8-14).
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Fecal bacteria in water samples are an indicator of the 
presence of sewage and manure. Fecal bacteria were 
present in all water samples collected for determination of 
bacteria during this study (194 samples from 22 sites). 
Fecal coliform bacteria exceeded 200 colonies/100 ml in 
38 percent of the water samples and fecal Streptococcus 
bacteria exceeded 200 colonies/100 ml in 48 percent of 
the water samples. Fecal coliform bacteria counts 
exceeded 1000 colonies/100 ml in 16 percent of the water 
samples. Fecal Streptococcus bacteria counts also 
exceeded 1000 colonies/100 ml in 16 percent of the water 
samples. These bacteria analyses, while not a 
quantitative measure of oxygen demand, indicate that a 
potential for oxygen demand from these sources is 
present throughout much of the Minnesota River Basin.

Relation of suspended sediment to
nutrients and oxygen-demanding

substances
Suspended-sediment, nutrient, BOD, organic carbon, 

and chlorophyll a data were evaluated by computing 
correlation coefficients (tabs. 8-14). A relation between 
sediment and nutrients might be expected, especially for 
phosphorus, because a portion of the phosphorus in a 
stream is sorbed to sediment particles. Correlation 
coefficients were computed using data from all sites and 
all seasons to determine the association between 
suspended sediment and suspended phosphorus (total 
phosphorus - dissolved phosphorus) (tab. 8). The results 
showed that these constituents were only weakly 
correlated (correlation coefficient= 0.17, p=0.0498). A 
somewhat stronger association (correlation coefficient^ 
0.43, p= 0.0001) was indicated by the results of 
correlating suspended phosphorus with suspended- 
organic carbon. Suspended phosphorus also was 
associated with volatile suspended solids (correlation 
coefficient= 0.33, p= 0.0001), but virtually no association 
(correlation coefficient=0.10, p= 0.2025) was indicated 
with non-volatile suspended (total suspended solids - 
volatile suspended solids) solids (tab. 8). Suspended 
organic carbon and volatile-suspended solids are both 
measures of the part of the suspended sediment that is 
comprised of organic matter. The Pearson correlation of 
suspended phosphorus with suspended-organic carbon 
(correlation coefficient^ 0.46, p= 0.0001) indicates that 
only 21 percent of the variation in suspended-phosphorus 
concentrations can be explained by the variation in 
suspended-organic carbon concentrations (tab. 8).

Suspended sediment was positively correlated with 
nitrate (correlation coefficient=0.67, p= 0.0001) (tab. 8).

A causal association between these constituents is 
unlikely, because nitrate does not sorb to sediment The 
association between the two may exist because both 
suspended sediment and nitrate are positively correlated 
with stream discharge.

A positive correlation might be expected between 
suspended sediment and BOD because some of the 
material transported in the suspended-sediment load is 
likely to consist of oxygen-demanding substances. 
Suspended sediment is a measure of inorganic, as well as 
organic material. The organic fraction of the sediment, as 
measured by suspended-organic carbon, was positively 
correlated with BOD. The inorganic fraction of the 
sediment (total suspended solids - volatile suspended 
solids) was negatively correlated with BOD (correlation 
coefficient= -0.18, p= 0.0235) (tab. 8).

No association between suspended sediment and algal 
productivity was indicated when data from all sites during 
all seasons were correlated (tab. 8). When only data from 
the lower part of the mainstem (sites 17,25,26, and 28 
during May-September 1989-92) were correlated (tab. 
10), algal productivity, as measured by chlorophyll a 
concentrations, was found to be negatively correlated 
with suspended sediment (correlation coefficient^- 0.52, 
p= 0.001). Algal productivity was negatively correlated 
with stream discharge in the lower part of the mainstem 
(correlation coefficients -0.72, p=0.0001), while 
suspended sediment was positively correlated with 
stream discharge in this reach (correlation coefficients 
0.69, p= 0.0001). Chlorophyll a concentrations in the 
mainstem probably decline during periods of increasing 
stream discharge because water in the mainstem is diluted 
by runoff water that contains relatively little chlorophyll 
a. Algal growth, furthermore, may be inhibited during 
runoff because of a lack of sunlight penetration caused by 
increased turbidity from elevated suspended-sediment 
concentrations.

Transport of Sediment, Nutrients,
and Oxygen-Demanding

Substances
The concentration and form of chemical constituents 

and compounds from non-point sources can be modified 
by physical, chemical, and biological processes while 
they are in transport. These processes can affect the river 
environment Examples of these processes include 
dilution, deposition and resuspension of paniculate 
matter, uptake of nutrients by algae, and decomposition of 
organic matter.
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The transport of non-point source constituents in 
channels is determined by discharge characteristics of the 
stream. Stream velocity will determine rate of movement 
and the residence time of a constituent within a stream 
reach. The duration of the residence time may determine 
the extent of transformation the constituent will undergo 
within a reach, although other factors, such as the amount 
of micro-organisms present and their activity levels, also 
have a bearing on the fate of the constituent. Hie form of 
the constituent, whether paniculate or soluble, is an 
important determinant of the fate of the constituent and 
the type of processing and degree of transformation that 
the constituent will undergo. Stream velocity is variable 
along stream reaches because of variable channel 
morphology, primarily changes in width, depth, and 
slope.

Transport of Particulates

Transport of paniculate matter in streams is affected by 
the quantity of material placed in transport, the size of the 
particles, and stream velocity. Particles are supported in 
suspension by vertical components of current in turbulent 
flow and the magnitude of these currents is largely a 
function of the horizontal (stream) velocity, bed 
roughness, and the distance above the streambed (Guy, 
1970). Coarse-grained particles require greater 
turbulence to remain suspended than do fine-grained 
particles. Particles are commonly grouped into three 
general categories on the basis of their diameter. These 
are (1) sand (0.062-2.0 mm, (2) silt (0.004-0.062 mm), 
and (3) clay (< 0.004 mm). Particles that are smaller than 
0.062 mm are commonly collectively referred to as 
"fines". Fine sediment particles are easily carried in 
suspension by fluid forces in natural streams and hence 
have a tendency to move out of the drainage basin with the 
water in which they are suspended (Guy, 1970). This 
characteristic of fines is relevant to transport of 
particulates in the Minnesota River Basin because much 
of the suspended sediment in the Minnesota River and its 
tributaries is made up of fine particles.

Particle size of suspended sediment was determined 
for 42 water samples. The proportion of fines in these 
samples ranged from 34 to 100 percent, with a median 
value of 86 percent Additional particle-size analyses 
were performed on 13 of the samples to determine the 
percentage of material in the medium- and fine-clay 
fraction (<0.002 mm). The proportion of clay-sized 
material in these samples ranged from 22 to 51 percent 
with a median value of 35 percent.

The presence of a high proportion of fines in the 
suspended material suggests that a substantial pan of the 
sediment loads originating throughout the basin will 
eventually be transported to the mouth of the Minnesota 
River. Some of the suspended sediment, however, is 
deposited within the mainstem channel. Sampling sites 
were visited repetitively during this study, some on a 
weekly basis. Visual appraisals of sediment deposition 
were made in the vicinity of the sampling sites. A general 
sense of the depositional patterns was determined by 
these visits. Newly-deposited sediment was frequently 
observed following the recession of runoff. TTiese 
deposits ranged in thickness from 6 to 12 inches and were 
located along the streambanks, extending downward 
from the high-water mark of the most recent event to the 
waters edge and continuing to a point about 3 to 5 feet into 
the stream. In subsequent visits to these sites, these 
deposits would sometimes be found to be diminished in 
depth and extent or even missing. This was observed 
when moderate rises in stage had occurred between 
sampling visits and the deposits had been inundated. This 
process was most noticeable at site 3 near Montevideo, 
where rises in stage subsequent to the depositional 
periods were caused by release of relatively sediment- 
free water from Lac qui Parle Reservoir. These releases, 
unlike the sediment-laden runoff flows that preceded 
them, deposited no sediment during their recession. This 
suggests that sediment deposited along the streambanks 
during recessions of runoff can be resuspended during 
subsequent runoff periods.

The smallest tributaries, termed first-order streams, 
originate in the most upstream portions of small 
watersheds. TTie first-order streams derive their flow 
primarily from seepage from shallow ground water. First- 
order streams also collect overland surface runoff during 
heavy rains and snowmelt. The larger tributaries receive 
this flow from the small tributaries and also receive 
ground-water discharge from the larger, deeper regional 
aquifers. Hie time required to move water through the 
smallest tributaries is often brief, usually less than one 
day, allowing little time for processing to take place. The 
small tributaries, therefore, can be thought of as conduits 
that carry non-point constituents to larger tributaries and 
the mainstem of the Minnesota River where the bulk of 
the processing takes place. This is especially true during 
high runoff when velocities are higher. At low flow some 
processing can be expected even in small streams, 
particularly with regard to nutrient uptake, which can be 
very rapid if algae are present in sufficient numbers and
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other conditions such as sunlight and temperature are 
optimum for algal growth.

Settling of paniculate matter can also occur and will be 
dependent on stream velocity. Stream velocity is 
primarily determined by stream slope. Slope is highly 
variable within first-order streams in the basin, ranging 
from values of about 2-8 ft/mi in the till plains to 15-30 
ft/mi in the Coteau des Prairies (fig. 5). Data collection 
was focused primarily at the mouths of the major 
tributaries and on the Minnesota River mainstem with 
only limited data collection in the small streams.

Data collected during runoff periods in the Blue Earth 
River indicated that most of the suspended sediment 
delivered to the Blue Earth River by the Waton wan and Le 
Sueur Rivers remained in transport and was delivered to 
the Minnesota River at the mouth of the Blue Earth. Data 
from these runoff periods also indicated that some of the 
sediment (less than 10 percent) was lost from transport 
during the recessional stages. Deposits of fine sediment 
were observed along banks at tributary sites following the 
recession of runoff. Much of the deposited fine-particle 
sediment is resuspended during subsequent rises in river 
stage, resulting in only temporary storage of these 
sediments within the tributary channels. Most of the fine- 
particle sediment placed into the major tributaries, 
therefore, will eventually be carried to the Minnesota 
River. Portions of some of the major tributaries, however, 
contain low-gradient reaches or small dams where low 
stream velocities may lead to deposition and longer-term 
storage of sediment.

Most of the changes in concentration and loads of non- 
point-source constituents in the mainstem can be 
attributed to loading from the tributaries. Concentrations 
and loads within the mainstem can, however, also be 
modified by variations in stream morphology along the 
course of the mainstem. Changes in stream velocity 
related to changes in slope, width, and depth may affect 
commonly-occurring stream processes. Some examples 
include accelerated stream bank and bed erosion in high 
velocity reaches, increased deposition of fine-grained 
sediments in low-velocity reaches, and a potential for 
release of solutes from accumulated sediment in 
depositional areas.

The slope of the mainstem channel between Lac qui 
Parle (site 1) and Henderson (site 28) averages about 0.9 
ft/mi. Variation in river slope is shown by the water- 
surface elevation graph in figure 26. Much of the river, 
from Courtland (site 16) to Henderson (site 28), has a 
generally uniform slope that conforms to the average for

the entire study reach. In the reach between Granite Falls 
and Courtland, however, there are three distinct 
departures from the average slope. Downstream of 
Granite Falls between sites 6 and 7, there is a 15-mile 
reach where the slope steepens to about 2.0 ft/mi, 
including a five-mile subreach where the slope is about 
3.5 ft/mi. Channel slope flattens appreciably to about 0.3 
ft/mi within a 45-mile reach that begins 10 miles 
upstream from site 13 near Fairfax and extends to the 
confluence of the Minnesota River with the Cottonwood 
River near New Ulm (site 15). Immediately downstream 
from the confluence with the Cottonwood River, slope 
steepens once again to about 1.7 ft/mi along a seven-mile 
reach that extends to Courtland where the river resumes 
its average slope of about 0.9 ft/mi.

These changes in slope are accompanied by changes in 
average stream velocity. Lower stream velocities were 
especially noticeable during low flow at site 14 in the 
gently sloping reach upstream from New Ulm. Average 
stream velocity at this site during the winter 1990 
sampling, for example, was only 0.16 ft/s as compared to 
velocities that exceeded 1.0 ft/s at sites that were located 
in adjacent reaches. The losses of sediment load in this 
reach during some of the samplings may be a result of the 
decrease in stream velocity.

Evidence for release of dissolved phosphorus from 
sediments in this reach is seen in the data from the August 
1989 sampling. The concentration of dissolved 
orthophosphorus increased from 0.02 mg/L to 0.24 mg/L, 
and the load of dissolved orthophosphorus increased 
about 0.005 to 0.05 tons/d (fig. 27) between sites 13 and 
14. The phosphorus added in this reach, however, could 
have come from sources other than channel sediments.

Transport of Solutes
Dissolved constituents (solutes), unlike paniculate 

matter, are not subject to processes of settling, deposition, 
and resuspension. Constituents are termed conservative 
if they are transported in a river system without chemical 
change or loss of mass. Many solutes, however, are 
subject to chemical transformation as well as uptake and 
release by biological organisms. In this study, it was 
important to determine the fate of dissolved forms of 
nitrogen, phosphorus, and organic carbon once they were 
placed in transport. Nitrate in high concentrations for 
example, if transported conservatively, could pose a 
threat to water users throughout the river system. 
Conversely, nitrate transported nonconservatively could 
arrive downstream in the form of relatively harmless
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organic nitrogen after being converted by micro 
organisms. Data for dissolved forms of three non-point 
source constituents, nitrate, orthophosphorus, and 
organic carbon, were evaluated. The data were selected 
from the synoptic samplings conducted within the 
mainstem. Loads were computed for each site and 
changes in load were calculated for portions of the 
mainstem (subreaches) located between sites. Losses in 
load were considered to be an indication of 
nonconservative transport brought about by chemical or 
biological processing.

Dissolved-organic carbon appeared to be the most 
conservative of the three constituents evaluated. Data for 
five synoptic samplings are shown in figure 28. Some 
subreaches showed load losses that ranged from 0.4 to 14 
percent, but overall it appears that there is little net loss of 
dissolved organic matter within the mainstem. The 
organic carbon may have undergone chemical or 
biological transformation during transport, but this could 
not be determined because the analytical method does not 
differentiate between the various forms of organic carbon 
in the Minnesota River. The indicated losses of load may 
have arisen from the variability associated with detecting 
differences in stream discharge over short stream 
segments combined with sampling and analytical 
variability. Only two losses exceeding 10 percent were 
indicated, both during January 1990, when accurate 
measurement of stream discharge was complicated by ice 
cover.

The effects of the input of, as well as the uptake and 
utilization of, orthophosphorus are evident in the shape of 
the graphs shown in figure 27. These processes are most 
evident in the graphs for samplings during August 1989 
and January 1990, when the river was at low flow. Net 
gains or losses were calculated for mainstem subreach 
segments. Inputs from the major tributaries were 
measured during the August 1989, January 1990, and 
August 1990 samplings and these values were included in 
the calculations. Taking into account the inputs from the 
major tributaries, the calculations indicated a net loss of 
orthophosphorus over the course of the mainstem 
between Lac qui Parle (site 1) and Henderson (site 28) 
during the August 1989 and January 1990 samplings. 
These results suggest that mainstem instream processes, 
presumably algal uptake, were sufficient to utilize all 
orthophosphorus inputs. High rates of algal productivity 
are indicated by high chlorophyll a concentrations that 
exceeded 50 \\%JL in some reaches during both August 
1989 and January 1990. High rates of orthophosphorus 
utilization were also indicated by the results from August

1990. but interpretation of these data is complicated by 
runoff that occurred in watersheds downstream of site 7 
near Delhi, Minnesota while sampling was in progress.

At high flows, as shown by data for July 1990, August
1991. and June 1992 (fig. 27), four instances of load loss 
were indicated in individual subreaches, but the losses 
were small (<10 percent), and may be within the error of 
measurement associated with load determinations. The 
calculations for these periods indicate a net gain in 
orthophosphorus within the course of the mainstem 
between Lac qui Parle (site 1) and Henderson (site 28). 
These results suggest that inputs of orthophosphorus 
during these periods were in excess of the amounts that 
could be utilized by stream processes. This excess of 
unutilized orthophosphorus resulted in concentrations of 
orthophosphorus that ranged from 0.04 to 0.15 mg/L 
throughout the reach from Lac qui Parle (site 1) to 
Henderson (site 28) and orthophosphorus loads at 
Henderson (site 28) that ranged from 1.0 to 1.5 tons/d.

Gains in nitrate load were found in all subreaches 
sampled at elevated flows (July 1990, August 1991, and 
June 1992, fig. 29). Nitrate loading rates were high during 
these samplings, as indicated by load gains of 100 to 400 
percent in some subreaches. The amount of nitrate added 
in each subreach exceeded the amount taken up by algae 
and therefore any losses due to algal uptake could not be 
detected. Nitrate concentrations also increased in each 
successive subreach resulting in a gradual rise in nitrate 
concentration in a downstream direction.

When stream discharge was not elevated, as shown by 
the data for August 1989 and January 1990 in figure 29, 
losses as well as gains in nitrate load were indicated. 
Three of the indicated losses can be considered significant 
in that the loads were reduced 37 to 45 percent within 
individual subreaches. Reductions in nitrate 
concentrations accompanied the load losses. These data 
suggest that rates of nitrate utilization by algae were 
sufficiently high in some subreaches so as to reduce the 
amount of nitrate in transport. The amount of nitrate 
reaching the mainstem during these samplings was much 
lower than at other times during this study, however, 
because of low stream discharges that resulted from 
widespread drought and because of low nitrate 
concentrations (<0.1 to 1.9 mg/L) in the major tributaries.

The results of the synoptic samplings indicate that 
under normal- and high-flow conditions, such as those 
sampled during the mid and latter part of this study, the 
amount of nitrate placed in transport in the Minnesota 
River greatly exceeds the amount utilized by the
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mainstem's biological systems. This results in the 
transport of virtually all nitrate inputs to downstream 
locations with modification of nitrate concentrations 
limited to the effects of dilution and longitudinal 
dispersion.

Summary
Water quality in the Minnesota River is affected by 

non-point source constituents, such as suspended 
sediment, nutrients, oxygen-demanding substances, and 
bacteria. Tributary watersheds are the source of most of 
these constituents, but oxygen demand often arises from 
biochemical processing of instream-generated organic 
matter produced when algal productivity is elevated.

Sediment concentrations and loads were elevated in all 
major tributaries during runoff, affecting water quality in 
the Minnesota River. Most of the annual sediment load in 
the lower reaches of the Minnesota River is delivered 
from tributary basins that have the highest annual rainfall 
and runoff. These basins are located in the eastern part of 
the Minnesota River Basin.

The Minnesota River is enriched with paniculate, as 
well as soluble, forms of phosphorus throughout its reach 
from Lac qui Parle to Henderson. The bulk of this 
phosphorus is carried to the mainstem in tributary flow 
during runoff, but elevated loading of soluble phosphorus 
also was found during nonrunoff, particularly within low- 
velocity reaches. The source of this soluble phosphorus 
was not determined, but release from channel sediments 
is a possible explanation.

Watersheds located in the south-central and eastern 
part of the basin, particularly those watersheds that are 
tributary to the Blue Earth River, are the primary source 
of nitrate loading to the Minnesota River. The Blue Earth 
River delivered 69 percent of the total nitrate load in 
transport in the Minnesota River at Mankato during April 
through July 1991. Nitrate concentrations exceeded 10 
mg/L in the Blue Earth River and its major tributaries and 
also in major tributaries in the Lower Minnesota River 
Basin.

A response to elevated nutrient loading was evidenced 
by high levels of algal productivity throughout the 
mainstem, especially during summer months.

BOD was most elevated during summer during 
nonrunoff conditions. Statistically-significant 
correlations were found between BOD and levels of algal 
productivity. The increase in BOD with increases in algal 
productivity suggest that part of the oxygen-demanding

material may be from instream production of algae. BOD 
also was elevated during snowmelt, when algal 
productivity was low relative to summer periods. During 
snowmelt, BOD was most strongly correlated with 
suspended organic carbon.

About 86 percent of the paniculate matter in transport 
is silt- and clay-sized material. Most of this fine-grained 
material is suspended and transported to downstream 
portions of the Minnesota River. Some of the paniculate 
matter is deposited along the edges of channels during the 
recessions of runoff, but visual observations and the 
results of sampling suggest that this material is 
resuspended and transported during subsequent runoff.

During low-flow, utilization of nutrients by algae 
reduced concentrations and loads of nitrate and 
orthophosphorus in the Minnesota River. At normal and 
high flow loading rates for these constituents exceeded 
rates of utilization, resulting in increasing loads 
downstream in the Minnesota River mainstem.

Sampling on the mainstem during nonrunoff indicated 
that measurable amounts of sediment were placed in 
transport by bank and bed erosion. Incremental gains of 
suspended sediment from bank and bed erosion measured 
in selected subreaches ranged from 0.4 to 39 tons/d/mi. 
Some of this sediment was lost from transport, especially 
in lower-velocity reaches. The sediment placed in 
transport by the bank- and bed-erosion process was not 
sufficient to elevate suspended-sediment concentrations 
to high levels. Suspended-sediment concentrations were 
below 200 mg/L at the sampling sites and were lower than 
concentrations typically observed when tributaries 
deliver sediment to the mainstem during runoff. Results 
of limited study of bank and bed erosion in the Redwood 
River indicated that bank and bed erosion produced loads 
of 42-526 tons/d/mi for short periods during runoff.
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